PAIN  FILE 


JPHSj  4306 
k  January  1961 


PERMANENT  FILE  COPT 


ELECTRICAL  CONDUCTIVITY  OF  POLYMERS  WITH 
CONJUGATED  BONDS 


By  Ye®  I®  Balabanov,  et  al 


USSR 


1 1 1  |i tel  til  C 

li  ill  I  II  i 


ft  »  "O 

&  I  s  & 
m.  i  *  -a 
if- 1  .a  a 

ft  ': !  %  g 

&  1  p. 

£*  f  g  O 
kh  3 

Siif 


f  I*3 

/fo  n* 


Distributed  byj 


OFFICE  OF  TECHNICAL  SERVICES 
U.  S*  DEPARTMENT  OF  COMMERCE 
WASHINGTON  2%  D»  C* 


U.  S.  JOINT  PUBLICATIONS  RESEARCH  SERVICE 
I636  CONNECTICUT  AVE.,  N.W® 
WASHINGTON  2*>f  D«  G* 


19990503  083 


r  JPfiS:  430  6  1 

\  ,  • 

CSO:  1266-S  : 


ELECTRICAL  CONDUCTIVITY  OF  POLYMERS  WITH 
CONJUGATED  BONDS 

-  USSR  - 


/Following  is  a  translation  of  the  article 
f  'Ey  Ye.  I.  Balabanov,  A.  A,  Berlin,  V.  P. 

Parini ,  V.  L.  Tal'roze,  Ye.  I,.  Frankevich, 
and  M.  I.  Cherkashin  entitled ' "El ektropro- 
vodnost'  polimerov  s  sopry&zhennyzai  svya- 
zyami"  (English  version  above)  in  Dokl ady 
'  Akademii  Nauk  SSSR  (Reports  of  the~Aco.B.emy 
of  Sciences  USS1J7  Vol  1*4,  No  3,  Moscow, 
I960,  pages  1122-1126^7 

(Presented  by  Academician  V.  N-.  Kondrat'yev 
v  14  June  I960) 


In  connection  with  the  problem  of  obtaining  organ¬ 
ic  polymeric  substances  with  different  electro-physical 
properties,  including  the  problem  of  organic  .semiconduct¬ 
ors,  the  extensive  study  QJ  of  electrical  properties  of 
different  types  of  polymeric  substances  with  systems  of 
conjugated  bonds  and  heterocyclic  atoms  in  the  conjugat¬ 
ing  chain  is  of  interest.  The  authors  have  synthesized 
the  class  of  polymers  enumerated  below  and  have  made  s 
study  of  their  electrical  conductivity  and  of  its  depend¬ 
ence  on  temperature. 

1.  Polymers  with  acyclic  conjugating  chains  (£.,j)) : 
f  polyphenyl  acetylene  (1)  and  copolymers  of  polypbenylac'e- 

tylene  with  hexyne  (2)  and  with  paradi e thiny lbens ene  (3). 

2.  Polymers  with  benzene  rings  in  the  conjugating 
chain:  polyphenylene 
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Ipolyphenylenaso  compounds  (it-,6)  of  the  type 
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where  X  -  H  (5)?  CR^  (6),  GOOH  (7)»  polymeric  aromatic 

“and  aliphatic-aromatic  compounds  containing  quinoid  and 
amino  groups  (7*8) :  polyphenyl enaminoquinones  of  the 
type 


,  0 

where  X  •■=  H  (8),  Cl  (9),  with  ft.  *  K  and  X  =  H  (10)  with 
ft  =  CODE;  poly-n-phenylendiarainoquinone  (11),  polyhexa- 
methylenediaminoquinone  (12)  f  q 
5  1  I  ft 


(11) 


1(12) , 
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where  R  =  H  (13)  end  COOE  (14);  polymeric  triazene  (15) , 
a  substance  containing  quinon.lmino  groupings  (16) 
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polymeric  chelate  compounds  (9)  of  polydiphenylatainoquin 
one  with  metals  (for  example,  copper \«{ 17) 
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iMoiecular  complexes  of  aceraphthene  with  chioran.il  (18)  H 
and  with  the  pyridone  derivative  of  polyphenyl enamino- 
quxnone  (19)  were  also  synthesized. 

5* . Compounds  with  nonbenzoid  rings  in  the  con jug— 
at  mg  chains:  tetrasalicylferrocene  (20)  and  polymeric^ 
Relate  COmplexes  of  it;  with  Fe++  and  with'  Be+'+ 


T 
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Cu++  (2?fSrSt£h?e?Je(Eai).0f  poroymei;hyi8ne  *ith 

The  synthesis  and  properties  of  some  of  the  above- 
enumerated  compounds  (for  example,  8,  10,  11,  1$,  and  14) 
have  up  all  cow  not  been  illuminated  in  publications. 

In  the  near  future  special  publications  will  be  devoted 
to  oh.  6  Hi  • 

Polymers  containing  quinoid  nuclei  (10,14)  in  the 
conjugating  chain,  and  particularly  compounds  in  which 
the  quinoid  structure  is  connected  t.o  the  chain  by  a  het¬ 
ero-atom  of  nitrogen  (16),  are  of  considerable  interest. 
In  such  substsuoos  &.  sharp  decrosso  in  the  energy  excita— 
tion  of  the  triplet  state  can  be  expected  and,  in  some 
cases,  also  the  formation  of  .radical  ionic  structures. 

-  .  _  specimens  investigated  we re,  for  the  most  part, 

tablets  10-12  mm  in  diameter.  ’ 

In  the  present  report  we  will  limit  ourselves  to 
general  characterization  of  the  derived,  regularities.  In 
sl3.  -,aees  with  temperature  increase  the  electrical  cond¬ 
uctivity  rose  in  accord -  -  -  - 


with  the  law,  <T  =  <r 


where  <r  and  E  are  constants  in  the  given  example. 

deviations  from  this  law  occurred  only  close  to 
the  disintegration  temperature  level  of  the  substance. 

The  values  of  S  obtained  from  4.6  kilocsl/mols  (0.2  ev) 
for  substance  16  to  49.5  kilocal/mole  (2.1  ev)  for  polv- 
phenyiacotylene ,  and  even  up  to  92  kiloc&l/mo’Le  for  the 
complexes  of  acenaph there  with  chlcranil. 

H!Vu?n:ner  °f  Processing  the  specimens  has  a  great 
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for  example,  the  size 


of  the  pre-exponent  for  polyphenylacetyle.ne  decreases  22 
orders  of  magnitude  in  the  transition  from  tha  film  that 
l^as  obtained  from  tfce  solvent,  to  the  tablet  compressed  Jj 


(at  200°  C.  H 

There  occurs,  however,  at  this  time  a  decrease  in  ; 
the  "activation  energy"  E,  so  that  the  electrical  conduct¬ 
ivity  of  both  specimens  at  room  temperature  appears  to 
be  approximately  equal*  A  similar  phenomenon  in  the  sym- 
batic  change  of  the  pre-exponent  and  the  activation  ener¬ 
gy  is  often  called  a  compensating  effect,  and  there  exist 
a  series  of  analogies  in  chemical  kinetics  and  catalysis, 
—but  for  electrical  conductivity  observed  on  metal  oxides  - 
(13)*  The  nature  of  the  compensating  effect  is  still  not 
■  clear;  one  of  the  theoretical  approaches  to  the  solution 
'  of  the  problem  was  examined  recently  (14). 

It  seemed  that  in  our  cases  the  compensating  ef¬ 
fect  appeared.  to  be  the  rule  covering  all,  or  almost  all, 
derived  substances.  This  is  especially  graphically  evi¬ 
dent  from  figure  1 .  where  the  given  table  1  is  broken 
down  into  coordinates  lg£f —  I. 
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21  ioi° 

2"  I  5*10'r 
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6  1-0,1 
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9  2*10^ 


49.5 
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32.2 

22 


15.4 


49 

29 

17.5 

3-1 

25 


Polymer  film  formed  at 


-17  •  150  0 

2*10  (  Polymerisation  conducted 

,q  at  400° C 

3’ 10”  Film  from  mixture  of  poly- 
1  c  I  mers  la  and  .  16 

10“Af 

10“ f  j  Fraction  of  specimen  16 
,  I  dissolved  in  benzene 
10“->  Fraction  of  specimen  16 
_  -je  dissolved  in  pyridine 
2*10"  ^  Polymerization  conducted 
at  150°  Cs  tablets  com- 
,  c- j  pressed  at  200°  C 
10™- ^  Temperature  range  2Q~50cC* 
— “if  Temperature  range  50-100°C 
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X  U  -s  r-\ 


2*10 


20-22  10 --10.1/ 
|  18.4  '  4'  10"" 3? j 
24  10"3c 

23.7  I  10“*i'j 


4- 10^ -w-|  Specimen  heated  at  200  C 
j /Without  heating 
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TABLE  1  (continued) 
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-Nr. 


10a 

10b 

11 

12 

15a 

13b 

14 

15a 

15b 

16' 

16” 

17 

18a1 
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5*104 
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10^  ■ 
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39 
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23 
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Remark, 


Substance  20a  seated,  at 
200°  0 


19 
20a 
20b 

21 
22 
23 

*  Specimens  whose  straight  line  lg<y — i/C?  underwent 


Derived  under  the  same 
conditions 


Derived  under  the  same 
conditions 


Temperature  range  20-40°C 
Temperature  range  40-80 JC 

Ratio  of  acenapbtbene : 
chlo r anil  1:1;  tempera¬ 
ture  range  20-50°C 
Temperature  range  50-80  0 
Ratio  of  acenaphtfciene: 
ehloranil  1:2;  tempera¬ 
ture  range  20-45uC 


ure 


Numbers  with,  one  and  two  strokes  refer  to  the  same  sped' 
men  before  and  after  'fissure . 


^goroe  of  the  small  numbers  representing  powers 
appeared  blurred  in  the  origins 1  and  to  have 
typed  with  certainty_o_7 


of  ten 
not  been 


Here  v:e  have  an  absolutely  remarkable  occurrence  of  the 
compensating  effect  in  the  range  of  sixty  (1)  orders  of 
magnitude  of  change  in  the  pre- exponent  and  a  twenty-fold 
change  in  the  activation  energy  for  substances  of  different 
structure . 

I  A  series  of  specimens  studied  possesses  eleetricalj 


\ 
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Conductivity  surpassing  the  electrical  conductivity  of.  ^ 
the  common  organic  non-conductors  by  several  orders  of 
magnitude.  This  refers,  first  of  all,  to  specimens  16, 

21,  and  22,  which,  in  terms  of  their  electrical  conduct¬ 
ivity,  approach  some  of  the  organic  semiconductors ,  known 
from  publications  (13-17) ♦ 

^Caption  to  Figure  1  on  page  1123  of  original,  not  re¬ 
produced  here_t7*. 

Figure  1.  Relation  between  the  pre-exponent  multiplier 
and  the  activation  energy  of  electrical  conductivity. 


The  strong  dependence  of  6'  to  T,  which  is  correl¬ 
ated  with  the  high  value  of  E,  in  cases  of  polyphenylacet- 
ylene  (which  are  typical  insulators  at  room  temperature) 
is  of  great  interest.  In  conjunction  with  a  large  CT  this 
leads  to  the  result  that,  with  an  increase  in  temperature 
the  C  of  polyphenylaeetylene  "attains"  the  ffof  a  whole _ 
series  of  polymers  which  show  high  electrical  conductivity 
at  room  temperature . 

One  can  expect  that  further  investigations  will 
permit  us  to  establish  the  connection  between  electro¬ 
physical  properties  and  the  structure  of  single  polymer 
molecules  and  the  materials  derived  'from  them. 
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